PET imaging of Alzheimer's disease (AD) patients demonstrates Ab-protein accumulation in a default mode network. In this issue of Neuron, Sperling and colleagues show that cognitively intact individuals with Ab in this network fail to deactivate it during memory tasks, a finding with important implications for cognitive aging and early detection of AD.
Failure of episodic memory is a common complaint of older people and is also the characteristic behavioral manifestation of Alzheimer's disease (AD). Because of the prominent role of the hippocampus and related temporal lobe structures in memory, and because the hippocampus and entorhinal cortex show early and severe involvement by the tau-related neurofibrillary tangle (NFT) pathology associated with AD, this brain region has been a target of human imaging investigations. Both structural MRI and PET scanning of glucose metabolism have shown hippocampal atrophy or hypometabolism in AD patients, as well as in individuals with mild cognitive impairment (MCI) and cognitively intact older people who subsequently decline. This has been a coherent story with both clinical and neural system implications that are congruent and compelling.
Yet ever since the initial studies of glucose metabolism with PET, hypometabolism in temporal and parietal cortex has been a feature of AD difficult to explain. In particular, the precuneus and posterior cingulate cortex (PPC) are hypometabolic in early AD, MCI, and individuals with genetic risks for AD such as the Apolipoprotein E4 allele (Minoshima et al., 1997) . Abnormalities of this brain region have been somewhat eclipsed by the overwhelming evidence of hippocampal involvement. However, work within the past decade using both resting-state fMRI connectivity analyses and fMRI activation studies has shown that PPC is a component of a ''default mode network'' (DMN), a group of brain regions with correlated activity that are deactivated during many cognitive tasks and active during resting states. This DMN shows evidence of reduced connectivity in resting state fMRI studies of patients with AD and MCI and fails to fully deactivate in older people, especially those with poor memory ability, while performing memory encoding tasks (Greicius et al., 2004; Miller et al., 2008) . A final link in the chain relating this brain region to AD came with the development of a PET method to image the deposition of the Ab amyloid protein that is the major constituent of the AD plaque and which occupies a central position in theories of AD causation. This approach using the PET ligand [ 11 C]PiB (Pittsburgh compound B) which binds to fibrillar, aggregated forms of Ab, has found PiB retention throughout association cortex of AD and MCI patients, and also in about 30% of cognitively healthy older subjects. The two earliest and most consistent sites of PiB deposition are the PPC and medial prefrontal cortex, both part of the DMN (Buckner et al., 2005) .
In this issue of Neuron, Sperling and colleagues (2009) studied a group of 35 older people (mean age 77) by elegantly combining measures of brain Ab using PiB-PET with fMRI assessment of brain activity during memory encoding of novel face-name pairs. These individuals were cognitively normal although some complained of memory loss that was not in fact accompanied by poor performance on neuropsychological tests; thus they were not characterized as having MCI. Approximately 35% of the older subjects had PiB retention values in the range of a group of AD patients and were classified as PIB + ; these individuals also showed the characteristic localization of Ab in PPC and medial PFC. Young subjects (mean age 24) showed decreased fMRI activity or deactivation in PPC during the encoding of face-name pairs that were subsequently remembered successfully.
Older individuals, even those without evidence of brain Ab but especially those with Ab, showed less deactivation. Further, investigation of this phenomenon convincingly demonstrated that brain regions that failed to deactivate in the PiB + compared to PiB À subjects spatially overlapped the regions of PiB accumulation and that the more Ab an individual had within PPC the less it deactivated. In fact, rather than deactivation, PiB + subjects actually activated the PPC during the task in a manner similar to patients with AD. PiB retention was also associated with greater brain activity in multiple nodes of the DMN, including the medial PFC. Interestingly, greater PiB retention in PPC was correlated with hippocampal fMRI activation-an observation that primarily reflected the results from the older participants with memory complaints. There are several important aspects of these results. First of course is that the investigators tied a phenomenon seen in a number studies of both aging and AD-failure of the PPC to deactivate during memory encoding-to the deposition of Ab in the same region. This adds a second phenotypic marker characteristic of AD to the first marker of Ab deposition, supporting the view that those individuals with Ab and functional alterations in the DMN are in the early stages of AD despite normal cognition. Proof of this assertion will obviously require longitudinal observation of these subjects.
Second, the predilection of Ab for the DMN offers some insight into the striking regional vulnerability to AD pathology. The authors note that the high levels of neural activity in this network may result in Ab release (Cirrito et al., 2005) . What is less clear is whether Ab is an initiating event in network dysfunction or the reverse. Furthermore, the specificity of the regional relationship between failure of deactivation and Ab deposition in PPC is uncertain since Ab is distributed widely in the DMN making regional relationships difficult to disentangle. Again, it seems likely that longitudinal studies will be necessary to understand the regional specificity, initiation, timing, and direction of the association between Ab and network dysfunction.
A third interesting finding is the lack of relationship between PiB deposition and cognition. Indeed, the author's Figure 1 showing that many cognitively intact older people have as much Ab as AD patients might be taken as evidence against the importance of Ab and parallels neuropathological data that have been suggested to refute the amyloid hypothesis of AD. Data from other laboratories evaluating the association between PiB retention and cognition are similar (Jagust, 2009) . However, additional imaging data suggest that rather than being unimportant, Ab may initiate downstream events that bear a closer relationship to cognition than Ab itself. For example, other work has suggested that PiB effects on episodic memory are mediated by hippocampal atrophy (Mormino et al., 2009) and that progressive brain parenchymal loss is better related to cognition than progressive accumulation of Ab (Jack et al., 2009) . In this study, Sperling et al. (2009) did not examine relationships between activation and cognitive performance, but this group previously reported that older individuals who failed to deactivate PPC regions performed more poorly on the same task, and that increased hippocampal activation might be compensatory (Miller et al., 2008) . Taken together, the emerging picture is one wherein Ab is related to both structural and functional downstream alterations that mediate neural failure or compensation and in the aggregate define the cognitive state. These new findings help to explain the mechanism through which Ab exerts deleterious effects on memory by pointing out the network dysfunction with which it is associated.
Imaging the relationships between Ab and the DMN must also ultimately link to other major imaging findings. Any theory of AD causation must account for findings in the hippocampus, which demonstrates atrophy on MR images that largely reflects neurofibrillary pathology. PPC regions are related both anatomically and functionally to the medial temporal lobe memory system of hippocampus and entorhinal cortex (Vincent et al., 2006) , and thus the changes in this region could play an important role in the memory loss of AD. Yet both neuropathological studies and PiB-PET data show minimal Ab deposition in the medial temporal lobes, at least until later stages of disease (Braak and Braak, 1991) . In contrast, NFTs are prominent and in older cognitively intact individuals may be abundant in hippocampal field CA1 and entorhinal cortex. Their relationship to Ab plaques is uncertain-while they can occur without clear evidence of Ab, it seems that Ab pathology augments their number so that remote deposition of Ab could, in theory, increase this pathology. While the increased hippocampal activation seen in the Sperling et al. (2009) data and in other studies of individuals at risk for AD might be a compensatory response, it might also be detrimental, leading to a ''burnout'' through excitotoxic or other mechanisms. These ideas introduce a functional connectivity mechanism that could underlie hippocampal failure, thus accounting for the lack of Ab in the region. More work is necessary to define how PPC functional and biochemical changes are related to hippocampal degeneration.
Cognitively intact middle-aged (50-65) ApoE4 homozygotes show glucose metabolic reductions in PPC which PiB-PET data have recently linked to Ab deposition (Reiman et al., 2009 ). However, young adult (20-39) heterozygotes show similar metabolic changes which are yet unexplained (Reiman et al., 2004) . It is difficult to ignore some of the topographical overlap of these metabolic lesions with DMN regions. Data from fMRI studies of individuals with this genetic risk are contradictory showing both increases (Bookheimer et al., 2000) and decreases (Xu et al., 2009 ) in brain activity in ApoE4 subjects during memory encoding and retrieval tasks. While increased activation is consistent with either compensation or aberrant excitation, decreased activation may indicate incipient failure. Genetic risks provide an important model for the initiating events in AD and results from these studies will ultimately need to inform relationships between brain activity and molecular changes.
Finally, this work has important implications for the field of cognitive aging, which has often conceptualized age-related cognitive decline as distinct from disease. However, the ability to detect preclinical and asymptomatic signs of a variety of age-related neurodegenerative disorders is beginning to point out that some features of normal cognitive aging increasingly overlap with very early evidence of disease. The ability to detect cognitive changes in normal older people with sophisticated behavioral approaches, combined with new ways to measure structure, function, and biochemistry, will permit a better construction of boundaries and overlap between age and disease. There is still conflicting data, but our toolbox for grappling with the problems is increasingly more sophisticated and multimodal. While there is a long way to go, we should not lose sight of how far we have come in our ability to link changes in brain activity during the engagement of specific cognitive processes to regional biochemical measurements.
During prolonged stimulation, fusion of thousands of synaptic vesicles poses a challenge for the temporal and spatial coordination of exocytosis and endocytosis. In this issue of Neuron, Hosoi and colleagues reveal that [Ca 2+ ] i -microdomains trigger compensatory endocytosis. Block of endocytosis enhances short-term depression by delaying vesicle recruitment to docking sites on active zones.
The relinquishment of neurotransmitters from nerve terminals requires some prior assembly. First, synaptic vesicles, laden with transmitter, need to translocate from a cytoplasmic reservoir to specific contact sites on the plasma membrane. A complex meshwork of actin filaments, tethers, and scaffolding proteins mediates vesicle recruitment to a small area called the active zone (Gundelfinger et al., 2003) . Here, vesicles are captured and tethered to presynaptic dense projections, and some are placed in close proximity to Ca 2+ channels. Through a series of poorly understood priming reactions, a subset of docked vesicles becomes fully competent for exocytosis. These primed vesicles constitute a readily releasable pool, poised for fast exocytosis and awaiting only one final signal: the opening of nearby Ca 2+ channels. A large macromolecular complex is thus required for the fast and focal exocytosis of synaptic vesicles (Verhage and Sørensen, 2008) . Vesicular membrane is then retrieved via an elaborate endocytosis machinery that needs to be quickly assembled and disassembled as vesicles cycle from the plasma membrane to the cytoplasm and then back to empty docking sites on the active zone.
What are the mechanisms that regulate the coupling between exocytosis and endocytosis? In this issue of Neuron, Hosoi et al. (2009) address this question by measuring membrane capacitance changes at the calyx of Held nerve terminal. Capacitance changes are proportional to net changes in cell surface area and thus constitute a measure of synaptic exo-and endocytosis. The authors show that a series of depolarizing steps evokes a capacitance jump (exocytosis) followed by a decay of capacitance back to baseline that is blocked by compounds that interfere with clathrin-mediated endocytosis. This compensatory decay of capacitance thus constitutes a bona fide measure of the rate of synaptic endocytosis. Furthermore, the rate of capacitance decay varies with the amount of evoked exocytosis. Short depolarizing pulses that produce a small capacitance jump are followed by relatively fast endocytosis (t % 10 s), suggesting that abundant endocytic ''resources'' are available under these conditions. Physiologically, this may occur during low-frequency action potential firing when a single vesicle may fuse at a given active zone ( Figure 1A ), resulting in minimal disruption of the active zone machinery. Accordingly, rates of endocytosis have been found to be fast after short depolarizations at several different nerve terminals (Heidelberger et al., 2002) . However, the rate of endocytosis becomes progressively slower after larger bouts of exocytosis, perhaps because the internal reservoir of endocytic proteins becomes more and more depleted ( Figure 1B ; Balaji et al., 2008) .
To study further the coupling between exocytosis and slow endocytosis, Hosoi et al. (2009) reasoned that microdomain- [Ca 2+ ] i rises, which are known to trigger exocytosis, may also influence compensatory endocytosis at active zones. They tested this hypothesis with three straightforward sets of experiments. They found that lowering the external Ca 2+ concentration slowed the rate of endocytosis. Additionally, dialysis of the fast Ca 2+ buffer BAPTA into the calyx terminal blocked slow endocytosis, while elevation of free intracellular calcium concentrations to 20 mM via flash photolysis of caged Ca 2+ promoted endocytosis at a rate
